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1 Introduction 

It is common understanding that deployment of HeNBs will have a considerable scalability impact on EPCs.  For this reason it has been proposed that a HeNB GW is deployed (see [1] section 6.2.1.2.2).  Deployment of such gateway was originally triggered by the following reasons (see [2]and [3]):

· Have simplified SCTP connectivity towards the MME (single association, single stream, single IP address), 

· Easing connectivity to an MME pool by reducing the visibility of the pool at HeNB 

· Generally, allowing functionalities to shift from the HeNB to the HeNB GW in order to have simple and low cost HeNB devices

The above targets clearly point at the fact that the deployment of a HeNB GW will not be functionally transparent to the PLMN.  

Under the above assumptions, it needs to be acknowledged the fact that if scalability issues affecting the EPC and a simple low-cost implementation of HeNBs have to be achieved, the HeNB GW cannot be an interchangeable node that can be installed or removed from the PLMN without affecting the correct functioning of the network.

In [4] it was proposed that deployment of the HeNB GW should be optional and that introducing or removing the HeNB GW shall not imply any functional change at the EPC or at the HeNBs.

This paper analyses the solutions proposed in [4] and shows how their adoption would impair the very principles that triggered the need for a HeNB GW. 

2 Problem description and proposed solution

2.1 Importance of HeNB GW 

The deployment of the HeNB GW will allow to reduce the functionalities HeNBs need to support.  The HeNBs will not need to implement NNSF or S1 flex functions.  Further, thanks to the simplified S1 interface between the HeNB and the HeNB GW (see [3]), HeNBs will result into simpler nodes, which do not need to support multi SCTP connections, multi-homing and in general the full set of functionalities required by the S1AP.

Hence, the deployment of the HeNB GW allows for cheap HeNBs to be manufactured and deployed from “Day 1”. 

To mandate the HeNB GW as an optional node would imply that HeNBs need to be manufactured with all the functionalities currently mandated for macro eNBs.  In fact, HeNBs will be produced by tens or hundreds of different manufacturers and will be deployed in virtually any PLMN.  Hence, each operator will see many different HeNB models from different makes being deployed in its PLMN.  HeNBs will need to cope with all possible architectural solutions adopted by the operators.  If the HeNB GW is optional, HeNBs will need to be manufactured in order to cope with the situation where they interface to the EPC directly (without a HeNB GW), i.e. HeNBs will have to support all the functions currently mandated for a macro eNB.

The above will surely increase the complexity of HeNBs and therefore their cost, impacting on the business models behind such devices.

Alternatively, if the second solution proposed in [4] was adopted, and it was required that a HeNB GW could be installed and removed without implying any change in the functionalities of the EPC or the HeNBs, this would also mean that the HeNBs will have to be ready to cope with a scenario where they interface directly with the EPC.  Again, this will increase complexity and cost of such nodes. 

Finally, it should be noted that the lack of a HeNB GW will force operators to perform considerable upgrades to their EPC, e.g. by enhancing the capacity of their MMEs or increasing the number of MMEs/S-GWs.  This process will be costly and inefficient, due to its native non-scalability (i.e. operators will need to upgrade the EPC again in case the number of HeNBs exceeded their expectations).  The deployment of a HeNB GW consists of a scalable solution that will prevent the EPC to undergo continuous complex and expensive updates. 

In summary:

( If a HeNB GW is specified as an integral and permanent part of the HeNB deployment it will be guaranteed that the EPC will be  masked from scalability problems due to deployment of HeNBs and it will be possible to reduce the functionalities (hence the cost) supported by HeNBs.


( If the HeNB GW is specified as an optional node in the HeNB deployment architecture that can be installed and removed without impacting any EPC functionality, then the EPC will be exposed to scalability problems due to HeNBs connecting directly to the EPC nodes and the HeNBs will need supporting the same range of functionalities of Macro eNBs, making their cost increase.

2.2 CSG deployment options

The following deployment scenarios have been listed in [6] within the context of CSG deployments:

a) single cell home;

b) single cell semi-public access point;

c) multi-cell home/small office;

d) multi-cell enterprise/campus.

It is claimed in [4] that all the above scenarios refer to deployment of HeNBs.  However, this is not entirely accurate as [6] clearly mentions that scenario d) would consists of a “Normal eNB scenario with added functionality to support CSG” where the operator (rather than the user) performs the deployment of eNBs. 

Deployment scenario d) described in [6] is also in line with [5] (both section 12.10.2 and 12.10.3) where it is quoted that “A CSG is not limited to the deployment of a single cell in a home, it can also be a campus deployment of multiple cells”.  

Hence, in these cases, where eNBs are deployed in a coordinated way by the operator and where CSG functionalities are added to support restricted subscriber access, the use of a HeNB GW will not need to be mandated as the base stations adopted will support full eNB functionalities and will be able to interface directly to the EPC.  Therefore, in coordinated deployment scenarios where eNBs can support CSG functionalities the use of a HeNB GW can be optional.

( In coordinated deployment scenarios, where eNBs can support CSG functionalities, the use of a HeNB GW can be optional
3 Conclusion and proposal

Based on the discussion above the following is proposed for inclusion in section 5 of [1]:

1)  In the case that uncoordinated deployment operation of simple and low cost HeNB devices is to be supported, then those HeNB devices shall be connected to the EPC via a HeNB GW.
2)      In case of coordinated deployment of eNBs with added functionalities to support CSGs the use of a HeNB GW is optional.

3)
Hence the standard shall support HeNBs not supporting NNSF and S1-Flex by deploying an HeNB GW.
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